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A best evidence topic was written according to a structured protocol. The question addressed was: In
patients undergoing oesophagectomy is stapled anastomosis (STA) superior to hand-sewn anastomosis
(HSA) with respect to post-operative outcomes. In total, 82 papers were found suitable using the re-
ported search and 14 of these represented the best evidence to answer the clinical question. The authors,
date, journal, study type, population, main outcome measures and results are tabulated. Existing evi-
dence shows that STA is associated with reduced time to anastomotic construction and decreased intra-
operative blood loss but increased risk of benign stricture formation compared to HSA. There is no
difference between HSA and STA with respect to cardiac or respiratory complications, anastomotic
leakage, duration of hospital admission or 30-day mortality. In HSA, increasing surgical experience and
intra-operative air leakage testing after anastomotic creation are associated with reduced risk of anas-
tomotic leakage. Further adequately powered studies will enable identiﬁcation of other local and sys-
temic factors inﬂuencing anastomotic healing, which will lead to improved patient and anastomotic
technique selection for optimal surgical outcomes.
 2013 Published by Elsevier Ltd on behalf of Surgical Associates Ltd.1. Introduction
A best evidence topic was constructed according to a structured
protocol. The protocol is fully described in the International Journal
of Surgery.1
2. Three-part question
In [patients undergoing oesophagectomy] is [stapled anasto-
mosis] superior to [hand-sewn anastomosis] with respect to [post-
operative outcomes].
3. Clinical scenario
A patient is referred to your clinic with a T2N0M0 tumour of the
distal oesophagus, which requires you to perform an open oeso-
phagectomy. During the multi-disciplinary planning meeting, a
visiting Japanese professor cites the propensity of hand-sewnd Cancer, Imperial College, St
Tel.: þ44 (0) 20 331 21012;
Kayani), manoszacharakis@
Elsevier Ltd on behalf of Surgical Aanastomosis to leak and asks whether or not you would consider
performing a stapled anastomosis to reduce post-operative com-
plications. You decide to search the literature to determine if there
are any signiﬁcant differences in post-operative outcomes between
hand-sewn (HSA) and stapled anastomosis (STA).
4. Search strategy
A Medline search from January 1950 to September 2013 was per-
formed using the OVIDSP interface ðexp staple~dOR mechanical:mp
OR exp hand sewn=OR manual:mpÞ AND ðexp oesophageal
anastomosi~sOR oesophagus:mpÞ. References were also retrieved
from key articles and reviewed.
5. Search outcome
The described literature search identiﬁed 82 articles. Of these,
26 articles were excluded after review of the title and abstract and
16 new articles were selected from the “related search” option and
references. The remaining 72 articles were reviewed in full and a
further 47 articles were excluded as they did not directly compare
outcomes between HSA and STA. Six studies were excluded as they
pooled results for gastrectomy and oesophagectomy, and a further
four studies were excluded as resections were performedssociates Ltd.
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total of 14 studies were identiﬁed that provided the best answer to
the clinical question (Table 1).
Marker et al.2 conducted ameta-analysis using nine randomized
trials3e11 published between 1974 and September 2010 comparing
outcomes between HSA (n ¼ 381) and STA (n ¼ 381) following
oesophagectomy. Primary outcome measures were 30-day mor-
tality, anastomotic leakage, and stricture formation within six
months of surgery. Secondary outcome measures were operating
time, cardiac and respiratory complications. This study showed
increased risk of stricture formation in STA compared to HSA
(pooled odds ratio ¼ 1.76; 95% CI ¼ 1.09 to 2.86; P ¼ 0.02) but no
difference relating to anastomotic stricture formation or 30-day
mortality between the two groups. Analysis of secondary
outcome measures showed increased operating time in HSA
(weighted mean difference ¼ 1.56; 95% CI ¼ 3.14 to 0.05;
P ¼ 0.04) but no difference with respect to cardiac or respiratory
complications. In this study, limited results on other post-operative
complications were displayed, follow-up time for strictures was
limited to six months, surgical approach was not speciﬁed and no
long-term outcomes were presented.
Luechakiettisak et al.3 conducted a prospective, randomized
study on 117 patients with oesophageal squamous cell carcinoma
undergoing transthoracic oesophagectomy. Patients were stratiﬁed
according to tumour size based on oesophageal diameter (<30 mm
or30 mm) following oesophageal resection and then randomized
to undergo HSA (n ¼ 59) or STA (n ¼ 58). All HSA were fashioned
using a single-layer of continuous absorbable suture whilst the STA
were created with the intraluminal circular stapling (ILS) device.
Patients were assessed for anastomotic leakage with gastrograﬁn
contrast study performed on day seven after surgery. HSA was
associated with increased operating time (218.1 þ 47.8 min vs
203.7 þ 23.4 min, respectively, p ¼ <0.001) and greater intra-
operative blood loss (864 þ 346.6 mls vs 803 þ 301.2 mls, respec-
tively, p ¼ 0.02) compared to STA. Overall there was no difference
between the two groups relating to stricture formation but in pa-
tients with small oesophageal tumour size (<30 mm), oesophageal
stricture formation was signiﬁcantly greater in the STA group
compared to the HSA group (38.8% vs 15.2% respectively, p ¼ 0.03).
There was no signiﬁcant difference between the groups relating to
anastomotic leakage, cardiorespiratory complications or 30-day
mortality. In this study, limited data was presented on comorbid-
ities, adequacy of resection margins and use of neoadjuvant
therapy.
Okuyama et al.4 conducted a prospective randomized study
comparing outcomes between cervical HSA (n ¼ 18) and thoracic
STA (n¼ 14). HSAwere formed via the three-stage approach and the
anastomoses fashioned using two-layers of interrupted absorbable
sutures. STA were formed using the transthoracic approach with a
standardized end-to-end (EEA) circular stapling device. All patients
were followed up with routine bronchoscopy for detection of
recurrent laryngeal nerve palsy and water-soluble contrast at day
nine or ten for anastomotic leakage. Assessment of quality of life at
six months included a series of questions based on upper gastroin-
testinal symptoms. This study showed the incidence of recurrent
laryngeal nerve palsy was signiﬁcantly increased in cervical HSA
compared to thoracic STA (38.8% versus 7.1%, respectively, P < 0.05)
but there was no difference with respect to anastomotic leak, stric-
ture formation, respiratory complications or hospital mortality.
Therewas also no signiﬁcant difference between the groups relating
to symptoms at six months or overall 5-year survival rates. In this
study, there was a small study population and anastomoses were
created at different sites using different surgical approaches.
Walther et al.5 conducted a prospective randomized study
comparing outcomes between cervical HSA (n ¼ 41) and thoracicSTA (n ¼ 42) following oesophagectomy and gastric tube con-
struction. All HSA were created through the three-stage approach
using single-layer continuous absorbable sutures whilst all thoracic
anastomoses were formed via the transthoracic approach using
EEA circular stapling devices. To evaluate selection bias, a further 29
patients undergoing oesophagectomy without randomizationwere
followed up and compared to the randomized group. Objective
measurements of anastomotic diameter and size were made at
three, six and 12 months using endoscopy. In this study, there was
no signiﬁcant difference between the two groups relating to stric-
ture formation, anastomotic leakage, cardiorespiratory complica-
tions, hospital mortality or post-operative weight gain. A major
limitation of this study was variation in surgical approaches and
sites of anastomotic construction between the two groups.
Law et al.6 conducted a prospective randomised trial comparing
outcomes between HSA (n ¼ 61) and STA (n ¼ 61) following
oesophagectomy for squamous cell carcinoma. All patients under-
went a transthoracic approach with intra-thoracic anastomosis.
Patients with positive proximal resection margins underwent
adjuvant radiotherapy treatment. HSA were created using a single-
layer of continuous absorbable sutures whilst the STA were con-
structed with EEA or ILS stapling devices. All patients underwent
gastrograﬁn contrast swallow at day seven to exclude anastomotic
leakage. There was no signiﬁcant difference between the groups
relating to operating time, anastomotic leakage, cardiac or respi-
ratory complications, and 30-day mortality. After exclusion of
hospital deaths, patients receiving adjuvant therapy or having
anastomotic leakage, the risk of anastomotic stricture formation
was signiﬁcantly greater in STA than HSA (40% vs 9.1%, p ¼ 0.0003).
In this study, the size and type of staplers employed varied
considerably, some patients received adjuvant therapy and limited
data is presented on comorbidities that may have impacted anas-
tomotic healing.
George et al.7 conducted a prospective randomized study on
1004 patients from three different hospitals comparing HSA and
STA following various types of gastrointestinal surgery. Of these
patients, 52 patients underwent oesophageal resection with HSA
(n ¼ 25) or STA (n ¼ 27). A further 20 patients underwent oeso-
phagectomy without randomization and were compared to the
randomized group. HSA were fashioned using both one and two-
layered techniques with continuous absorbable sutures depend-
ing on the surgeons preference. STA were constructed using
double-layered staples using the circular stapling devices. Oeso-
phageal anastomotic integrity was assessed using contrast radiog-
raphy in patients between four and 14 days following surgery. This
study showed STA following oesophagectomywere associated with
reduced mean anastomosis time compared to HSA (32.1 vs 56.2
respectively, p < 0.001) but there was no difference between the
two groups relating to anastomotic leakage, infective complica-
tions, recovery of gastrointestinal function and hospital stay.
Limited data was presented on other complications, surgical
approach and site of anastomosis for each group.
Saluja et al.8 conducted a prospective randomized trial
comparing outcomes between HSA (n ¼ 87) and side-to-side STA
(n ¼ 87) in the neck following oesophagectomy. Oesophagectomy
was performed via transhiatal (n ¼ 145) and transthoracic (n ¼ 29)
approaches. HSA were constructed using a double-layer inter-
rupted absorbable suture and the STA formed using a side-to-side
stapling device. A gastrograﬁn swallow was performed on post-
operative day seven unless there was clinical evidence of anasto-
motic leak. The overall anastomotic leakage rate was 17.2% and
there was no difference between the two groups with respect to
incidence of anastomotic leakage. Anastomotic construction was
signiﬁcantly quicker in the STA group (25  6.5 min vs.
27  5.5 min; p ¼ 0.02) but associated with increased risk of
Table 1
A table showing the studies included in the best evidence topic comparing outcomes between hand-sewn and stapled anastomoses.
Author, date, 
journal and 
country
Study type 
(Level of 
evidence)
Patient group Study type 
(level of 
evidence)
Outcomes Key 
results
Comments
Markar et al [2]
2010
Journal of
Gastrointestinal
Surgery
United 
Kingdom
Meta-analysis comparing 
outcomes between hand-
sewn (n=381) and stapled
(n=381) anastomosis 
following oesophagectomy. 
Study included nine 
prospective randomized 
studies published between 
1974 and September 2010 
identified on Medline, 
Embase and Cochrane 
library. 
Primary outcome measures: 
30-day mortality, 
anastomotic leakage and 
stricture formation. 
Secondary outcome 
measures: operative time, 
cardiac and respiratory 
complications.
Meta-
analysis 
(level 2) 30-day mortality (pooled 
odds ratio)
Anastomotic leakage 
(pooled odds ratio)
Anastomotic stricture 
(pooled odds ratio)
Operative time (weighted 
mean difference)
Cardiac complications 
(pooled odds ratio)
Respiratory complications 
(pooled odds ratio) 
Hand-sewn vs stapled
1.71; 95% CI = 0.822 -
3.56, P= 0.15
1.06; 95% CI = 0.62-1.80, 
P= 0.83
1.76; 95% CI = 1.09-2. 
86, P = 0. 02
−1.56; 95% CI = −3.14 to 
0.05, P = 0.04
1.02; 95% CI = 0.68 -
1.54, P= 0.92
1.31; 95% CI = 0.88 -
1.93, P= 0.18
Stapled anastomosis associated 
with reduced operating time and 
intra-operative blood loss but 
increased risk of benign stricture 
formation.
No difference between group 
relating to 30-day mortality, 
anastomotic stricture formation or 
cardiorespiratory complications.
Authors comment there was 
significant variation in size and 
type of stapling device used 
which may have impacted on 
incidence of stricture formation 
but further analysis not possible 
due to small sample size and 
limited results presented. 
Limitations:
Limited number of complications 
reported, surgical approach not 
shown, stricture formation 
followed only for six months and 
no long-term survival results. 
Luechakiettisak 
et al [3]*
2008
Journal of the 
medical 
association of 
Thailand
Thailand
Study comparing outcomes 
between hand-sewn (n=59) 
and stapled (n=58) 
anastomoses following 
transthoracic for squamous 
cell carcinoma of the 
thoracic esophagus.
Patients stratified prior to 
randomization based on 
esophageal diameter (< or > 
30 mm).  Staple size 
determined by oesophageal 
diameter.
Hand-sewn anastomosis 
fashioned using single layer 
of continuous absorbable 
suture. 
Stapled anastomosis 
constructed using ILS 
circular stapler. 
Prospective 
randomised 
trial 
(level 2)
Anastomotic stricture:
<30 mm (%)
>30mm (%)
Total (%)
Operating time (min) (%)
Blood loss (ml) (%)
Anastomotic leaks (%)
Pulmonary complication 
(%) 
Cardiac complication (%)
30-day mortality (%)
Hand-sewn vs Stapled 
anastomosis 
7/46 (15.2) vs 14/36 
(38.8), p=0.03
3/6 (50.0) vs 5/16 (31.2), 
p=0.75
10/52 (19.2) vs 19/52 
(36.5), p=0.08
218.1 (182-278) vs 203.7 
(182-228), p<0.001
864.4 (600-1300) vs 
803.4 (500-1100), p=0.02
4 (6.7)  vs 2 (3.4), p=0.69
8 (13.5)  vs 10 (17.2), 
p=0.77
10 (16.9)  vs 11 (18.9), 
p=0.96
7(11.8) vs 6 (10.3), 
p=0.97
Groups comparable with respect 
to age, sex, tumour location and 
disease stage. Hand-sewn 
anastomoses associated with 
reduced operating time and 
decreased blood loss compared to 
stapled anastomoses. 
No difference in stricture 
formation between the two 
groups. However, in patients with 
small oesophageal tumours 
(<30mm) risk of stricture 
formation significantly greater 
with stapled group than hand-
sewn group. 
No difference between groups 
relating to anastomotic leak, 
cardiorespiratory complications or 
30-day mortality.
Limitations:
Limited data on comorbidities, 
neoadjuvant therapy and resection 
margins, which may impact on 
anastomotic outcome. 
Okuyama et al 
[4] *
2007
Surgery Today
Japan
Prospective randomized 
study comparing outcomes 
following oesophagectomy 
with hand-sewn cervical 
(n=18) and stapled 
intrathoracic (n=14) 
anastomosis. 
Hand-sewn cervical 
anastomosis performed via 
transhiatal approach and 
stapled anastomosis via 
Prospective 
randomised 
controlled
(level 2) Operating time (min) 
(mean ± SD)
Blood loss (ml) (mean ± 
SD)
Number of dissected 
lymph nodes (mean ± SD)
Hand-sewn vs Stapled 
anastomosis 
547 ± 95 vs 593 ± 57, 
p=NS
537 ± 281 vs 702 ± 252, 
p=NS
53 ± 21 vs 48 ± 17, p=NS
Cervical hand-sewn anastomosis 
associated with improved 
proximal oesophageal resection 
margins but increased risk of 
recurrent laryngeal nerve injury 
compared to stapled thoracic 
anastomosis. 
Quality of life (QOL) was 
evaluated 6 months after surgery, 
on the basis of questionnaires 
asking the patients if they were 
(continued on next page)
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transthoracic approach. 
Patients with metastatic
disease, previous gastric 
resections or neoadjuvant 
chemoradiotherapy 
excluded. Aduvant 
chemotherapy given to 
patients with positive lymph 
nodes.
Hand-sewn anastomosis 
created using two-layer 
technique with interrupted
absorbable sutures. Stapled 
anastomosis created using 
EEA circular stapler. 
Recurrent laryngeal nerve 
palsy (%)
Right 
Left
Bilateral 
Anastomotic leaks (%)
Pneumonia (%)
Hospital mortality (%)
Anastomotic stricture (%)
Diameter of anastomosis 
(mm) (mean ± SD)
Five-year survival (%)
8 (38.8) vs 1 (7.1), p<0.05
3 vs 0
5 vs 0
0 vs 1
3 (16.7) vs 1 (7.1), p=NS
2 (11.1)  vs 5 (35.7)
0 (0) vs 0 (0)
14 ± 6  vs 15 ± 5
0 (0%) vs 2 (14.2)
72.2 % vs 85.7%, p=NS
suffering from heart burn, 
regurgitation, stenotic sense, 
abdominal fullness, cough, or 
wound pain.
No difference between groups 
with respect to stricture 
formation, anastomotic leakage, 
respiratory complications, quality 
of life at six months following 
surgery or long-term survival. 
Two patients with stapled thoracic 
anastomosis required pneumatic 
dilations 2-3 months after surgery.
Limitations: 
Small study population and 
anastomoses created at different 
sites using different surgical 
approaches. 
Walther et al
[5]*
2007
Annals of 
Surgery
Sweden
Prospective randomized 
study comparing hand-sewn 
neck (n=41) and stapled 
chest anastomosis (n=42) 
following oesophagectomy.
To evaluate selection bias, 
patients undergoing 
oesophagectomy without 
randomization (n=29) were 
followed up and compared 
to randomization group.
Cervical anastomosis 
fashioned using continuous 
layer of absorbable suture. 
Stapled anastomoisis 
performed via EEA circular
stapling device. 
Anastomotic diameter 
assessed with endoscope at 
3, 6 and 12 months 
following surgery.  
Prospective 
randomised 
study 
(level 2) Operating time (min) 
[median (range)]
Blood loss (mL) [median 
(range)]
Anastomotic time (min) 
[median (range)] 
Cardiac complication (%)
Vocal cord palsy (%)
Reoperation (%)
Anastomotic leak (%)
Hospital stay (days) 
[median (range)]
Hospital mortality (%)
Cervical vs thoracic vs 
non-randomised
555 (382–850) vs 553 
(290–750) vs 615 (459–
886), p=0.0018
950 (250–3000) vs 950 
(200–4000) vs1300 (400–
3000), p= NS
28 (15–65) vs 15 (7–45) 
vs — —, p=0.0001
4 (9.8) vs 4 (9.5) vs 0 (0), 
p=NS
1 (2.4) vs 0 (0) vs 2 (6.9), 
p=NS
3 (7.3) vs 2 (4.8) vs 3 
(10.3), p=NS
1 (2.4) vs 0 (0) vs1 (3.4), 
p= NS
14 (8–68) vs 14 (0–83) vs 
15 (10–75), p=NS
1 (2.4) vs 1 (2.4) vs 0 (0), 
p=NS
No difference in anastomotic 
leakage, stricture formation, 
cardiac and respiratory 
complications, reoperation rate or 
hospital mortality between 
cervical and thoracic anastomosis. 
The five-year survival rate of 
cervical anastomosis and thoracic 
anastomosis was 29% and 30%, 
respectively. This was not 
statistically significant.
Authors also note additional 5cm 
of oesophageal resection in 
patients with neck anastomosis 
compared to chest anastomosis. 
This did not affect extent of 
tumour removal and survival but 
also did not adversely influence 
morbidity, anastomotic diameter 
or subsequent oral intake as 
reflected by changes in body 
weight. 
Limitation: Variation in surgical 
approach and site of anastomosis 
between hand-sewn and stapled 
groups.
Law et al [6] *
1997
Annals of 
Surgery
Hong Kong
Prospective study in which 
patients undergoing 
transthoracic 
oesophagectomy were 
randomised to undergo 
hand-sewn  (n=61) or 
stapled technique (n=61).
All patients underwent 
gastrografin study after 
seven days, patients 
underwent endoscopy and 
barium swallow if symptoms 
of dysphagia returned. 
Hand-sewn anastomosis 
created using a single layer 
of continuous absorbable 
monofilament suture. 
Stapled anastomosis created 
using the EEA or ILS as 
Prospective 
randomised 
controlled
trial 
(level 2)
Operating time (min ± 
SEM)
Blood loss (mL ± SEM)
Level of tumor margin in 
vivo (cm ± SEM)
Anastomotic leaks (%)
Pulmonary complication 
(%) 
Cardiac complication (%)
30-day mortality (%)
Hospital mortality (%)
Hand-sewn vs Stapled 
anastomosis 
214 ± 4 vs 217 ± 3.4, 
p=NS
721 ± 31 vs 708 ± 33, 
p=NS
8.0 ± 0.4 vs 7.6 ± 0.4, 
p=NS
1 (1.6) vs 3 (4.9), p=NS
6 (9.8) vs 11 (18), p=NS
13 (21) vs 19 (31), p=NS
0 vs 3 (4.9), p=NS
4 (6.6) vs 6 (9.8), p=NS
No significant difference between 
the two groups with respect to 
age, disease stage, level of tumour 
or intent of resection (Palliative or 
curative).
Excluding hospital mortalities, 
patients receiving adjuvant 
radiotherapy and anastomotic 
leakage, stapled anastomosis 
significantly increased risk of 
benign stricture formation. Three 
patients with hand-sewn 
anastomosis and ten patients with 
stapled anastomosis required 
endoscopic dilatation of strictures. 
No acute complications.
No difference between groups 
relating to operating time, 
anastomotic leakage, 
cardiorespiratory complications or 
30-day mortality.  
Table 1(continued)
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determined by size of 
oesophageal diameter.
Benign stricture formation 
(%)
Anastomotic recurrence 
(%)
5 (9.1) vs 20 (40), 
p=0.0003
1 (1.6) vs 1 (1.6), p=NS
Limitations: 
Variation in size of stapled 
anastomosis, some patients 
received adjuvant radiotherapy 
and patients not matched for co-
morbidities impacting 
anastomotic healing.
George et al 
[7]*
1991
British Journal 
of Surgery
Scotland
Prospective study on 1004 
patients undergoing a range 
of gastrointestinal 
anastomoses. Sub-group 
comparing outcomes 
between manual (n=25) and 
mechanical (n=27) 
anastomoses following 
oesophagectomy. 
Oesophageal, upper 
gastrointestinal, colonic, and 
colorectal surgery performed 
at three different centres. 
Hand-sewn created using 
one- or two-layered 
continuous absorbable 
sutures. Stapled anastomoses 
constructed using GIA, TA, 
EEA stapling devices. 
Study included 20 patients 
undergoing oesophagectomy 
without randomization for 
comparison to randomized 
group.
Prospective, 
randomized 
study 
(level 2)
All gastrointestinal 
anastomoses:
Clinical leaks (%)
Radiological leaks (%)
Anastomosis time (mins) 
(S.E.M) (mins)
Operating time mean 
(S.E.M) (mins)
30-day mortality
Wound infection
Modified sepsis score 
(S.E.M)
Oesophageal/Upper GI:
Return to gastrointestinal 
function by day five
Large bowel surgery:
Return to gastrointestinal 
function by day five
Hand-sewn vs Stapled
3.2 vs 4.7, p=0.22
12.2 vs 4.1, p<0.05
28.1 (0.7) vs 14.3 (0.5), 
p<0.05
115.5 (2.4) vs 103.8 (2.2) 
p<0.001
4.6 % vs 6.3%, p=0.23
10.5 % vs 11.8%, p=0.17
4.0 (0.2) vs 4.3 (0.2), 
p=NS
56.7 vs 56.9%, p=NS
83.7 vs 86.1%, p=NS
Overall no difference between 
hand-sewn and stapled 
anastomoses relating to 
anastomotic leakage, operative 
mortality, time to recovery of 
bowel function, infection or 30-
day mortality. Authors comment 
incidence of radiologically 
detected anastomotic leakage 
greater in stapled group. 
Authors comment increased risk 
of anastomotic leakage in non-
randomised group is secondary to 
non-randomised patients having 
multiple anastomosis following 
surgery.
In oesophageal surgery, patients 
undergoing hand-sewn 
anastomosis had increased 
anastomosis and operating time 
compared to stapled anastomoses. 
No difference with respect to 
anastomotic leakage or mortality. 
Limitations: 
Surgery performed by surgeons 
from different specialties with 
varying levels of general surgery 
experience, limited data on 
disease stage and variations in use 
of colonic and jejunal substitutes.
Valverde et al
[8]*
1996
Surgery
Fracnce
Multi-institutional study (14 
centres) comparing 
outcomes between manual 
(n=74) and mechanical 
(n=78) anastomoses 
following oesophagectomy.
All participating surgeons 
had at least five years 
experience in oesophageal 
surgery and had performed 
at least 30 anastomoses per 
year. Surgical approach, 
anastomotic technique and 
site of anastomosis left to 
discretion of surgeon. 
Manual anastomosis
performed with either one 
(n=69) or two (n=5) layers 
with either interrupted 
(n=45), continuous (n=29), 
absorbable (n=71), or non-
absorbable (n=3) sutures. 
Stapled anastomoisis were 
constructed using two layers 
of staples with either ILS 
(n=36) or EEA (n=42).
Prospective
multi-
institutional
randomised 
study 
(level 3)
Anastomotic strictures (%)
Deep infection (%)
Cardiac complications (%)
Pulmonary complications 
(%)
Repeat operations (%)
Deaths at 1 month (%)
-with anastomotic leakage 
(%)
Deaths at 3 months (%)
Anastomotic leakage (%)
Air tightness test
Yes (%)
-Leakage then sutures 
added
-No leakage
No (%)
Manual vs Mechanical
8 (13) vs 7 (11), p=NS
10 (14) vs 14 (18%), 
p=NS
10 (14) vs 11 (14%), 
p=NS
37 (50%) vs 41 (53%), 
p=NS
9 (12%) vs 13 (17%), 
p=NS
5 (7%) vs 12 (15%), 
p=NS
3 (4%) vs 5 (6%), p=NS
7 (9%) vs 3 (4%), p=NS
12 (16) vs 12 (15), p=NS
4/29 (14) vs 2/51 (5), 
p<0.02
2/6 (33) vs 0/4 (0), p=NS
2/13 (9) vs 2/37 (5), 
p=NS
8/45 ((18) vs 8/37, p<0.02
No significant difference between 
groups with respect to risk of 
anastomotic stricture formation, 
leakage, cardiac or respiratory 
complications and mortality. 
Overall 30-day mortality was 
11%. Surgery performed for both 
palliative (n=36) and curative 
(n=116) intent.
Testing for air tightness 
associated with significantly 
reduced incidence of post-
operative leakage. Site of 
anastomosis (cervical or thoracic) 
did not impact risk of anastomotic 
leakage. 
In the mechanical group 16 
anastomoses (20%) gave rise to 
technical mishaps during 
fashioning of purse-string, 
dilatation of the oesophagus or 
stapling. These did not impact risk 
of anastomotic leakage.
Limitations: 
Variation is surgical approach and 
site of anastomosis, patients not 
matched for disease stage and 
differing tecnues for construction 
of manual and mechanical 
(continued on next page)
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anastomoses. 
Saluja et al [9] 
2012
Journal of
Gastrointestinal
Surgery
India
Prospective study comparing 
outcomes following 
oesophagectomy with hand-
sewn (n=87) and stapled 
oesophago-gastric 
anastomoses (n=87). 
Surgical approach included 
transhiatal (n=145) and 
transthoracic 
oesophagectomy (n=29). 
Study included patients with 
benign and localized 
malignant disease.
Hand-sewn anastomosis 
constructed using double 
layer interrupted absorbable 
sutures. Stapled anastomoses 
formed with side-to-side 
stapling technique.
Prospective 
randomised 
study 
(level 3)
Operative time (min)
Time of anastomosis (min)
Blood loss ± (ml)
Route of reconstruction
Posterior mediastinal
Retrosternal
Anastomotic leakage
Postoperative 
complications
Mortality
Hospital stay ± SEM 
(days)
Benign anastomotic 
stricture after leak
Hand-sewn vs Stapled
245 ± 62 vs 252 ± 58, 
p=0.45
25 ± 6.5 vs 27 ± 5.5, 
p=0.02
570 ± 444 vs 566 ± 448, 
p=0.61
76 vs 73
11 vs 14
16 vs 14, p=0.33
35 vs 36, p=1.00
6 vs 5, p=1.00
12.8 ± 8 vs 11.9 ± 6, 
p=0.32
1/13 vs 5/13, p=0.16
Patients in both groups matched 
for age, site of lesion, co-
morbidities, smoking and 
neoadjuvant therapy.
Stapled anastomosis group 
associated with reduced 
anastomosis time and increased 
risk of benign stricture formation 
compared to hand-sewn group. 
Overall operating time 
comparable.
No difference between groups 
relating to malignant stricture 
formation, hospital stay or 
mortality. 
Overall anastomotic leakage rate 
was 17.2% Risk of anastomotic 
leakage comparable between the 
two groups. 
Limitations:
Limited data on disease stage and 
other post-operative 
complications. 
Worell et al 
[10]
2010
Journal of 
Surgical 
Research
USA
Retrospective comparing 
hand-sewn (n=18) and 
stapled anastomosis (n=63) 
following open or minimally 
invasive oesophagecotmy.
Oesophagectomy performed 
via en-bloc transthoracic, 
transhiatal, and minimally 
invasive approach. 
Hand-sewn anastomosis 
constructed with single layer 
interrupted anastomotic 
suture. Stapled anastomosis 
created with GIA stapler and 
enterotomy closed 
absorbable suture
Retrospective 
study 
(level 3) Neoadjuvant therapy (%)
Pre-operative mean 
albumin level (gm/dL)
Anastomotic leakage (%)
Hospital stays (days)
Anastomotic stricture 
formation (%)
Hand-sewn vs Stapled
44 vs 61
3.97 vs 3.63, p=NS
4 (22) vs 5 (7), p=.0.091
16.7 vs 18.6, p>0/05
7 (38%) vs 17 (26%), 
p=NS 
No significant difference between 
groups relating to risk of 
anastomotic leakage or stricture 
formation. Both groups similar 
with respect to age or 
comorbidities.
Patients divided into three 
chronological groups based on 
experience. Results showed trend 
towards reduced anastomotic 
leakage with increasing surgical 
experience in hand-sewn group. 
Authors comment this may be 
related to greater impact of 
learning curve on hand-sewn than 
stapled anastomoses. 
Limitations:
Retrospective study with no data 
on other complications, no long-
term follow up results and 
patients not matched for disease 
stage. 
Kondra et al 
[11] 
2008
Diseases of the 
Esophagus
Canada
Retrospective study 
comparing outcomes in 
hand-sewn (n=89) and 
partially stapled (n=79) 
anastomosis following 
oesophagectomy.
Surgery performed via 
transhiatal (n=138) approach 
or three-stage (n=30) 
approach with cervical 
anastomosis.
Hand-sewn anastomosis 
constructed using a two-
layered technique using 
absorbable suture. Partially 
stapled anastomosis used an 
endoscopic articulating 
linear cutter stapler for the 
posterior wall and a two 
Retrospective
study 
(level 3) Anastomotic leak (%)
Stricture formation (%)
Initiation of oral feed 
(median days)
30-day mortality rate (%)
Wound infection (%)
Respiratory failure (%)
Myocardial infarction (%)
Pulmonary emboli (%)
Hand-sewn vs Stapled
14 (27.0) vs 10 (12.7), 
p=0.021
49 (55.1%) vs 23 
(31.3%), p=0.001 
9.5 vs. 7, P<0.001
3 (3.4) vs 0 (0), p=0.248
14.6 vs 13.9, p=0.900
5.6 vs 3.8, p=0.724
1.1 vs 1.3, p=1.000
0.0 vs 1.3, p=0.470
In total three deaths occurred 
(1.8%) within 30-days od surgery. 
All three patients underwent 
hand-sewn anastomosis.
No significant difference between 
groups relating to age, 
comorbidities, neoadjuvant 
therapy, disease stage or tumour 
location.
Stapled anastomosis associated 
with reduced incidence of 
anastomotic leakage, earlier 
initiation of oral feeds and 
decreased hospital stay. Hand-
sewn anastomosis associated with 
increased risk of stricture 
formation compared to stapled 
anastomosis.
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layered technique with 
absorbable suture for the 
anterior wall.
Sepsis
Reoperation 
4.5 vs 3.8, p=1.000
9.0 vs 1.3, p=0.037
Limitations:
Retrospective study, surgery 
performed by surgeons of varying 
expertise and preference for type 
of anastomosis performed and 
limited long-term results 
presented.
Ercan et al [12] 
1996
Journal of 
Thoracic and 
Cardiovascular
Surgery
Retrospective study on 274 
patients undergoing 
oesophagectomy with 
modified Collard (stapled) 
technique (n=86) and hand-
sewn (n=188) technique.
Using a propensity score 
based on 8 variables (age, 
gender, race, surgeon, 
surgical approach, 
pathologic stage, histo-
logic cell type, and induction 
chemoradiotherapy), 85 
patient matched from each 
group and followed for time 
related events.
Stapled anastomosis created 
using linear circular staples 
posteriorly and 2-layer 
absorbable sutures 
anteriorly. Hand-sewn 
technique used single-layer 
interrupted absorbable 
suture.
Retrospective 
study 
(level 3) Freedom from cervical 
infection (92% CL)
Freedom from cervical 
anastomotic leak (92% CL)
Cardiac complications
Respiratory complications
Vocal cord paralysis
Infection
Postoperative bleeding
Non-anastomotic GI leak
Hospital stay (days, range)
Freedom from anastomotic 
dilatations at 12 months 
(92% CL)
Survival at 12 months
Hand-sewn vs stapled
71% (CL 66-76) vs 92% 
(CL 88-94), p=0.001
89% (CL 86-92) vs  96% 
(CL 94-98), p=0.09
17 (20%) vs 17 (20%), 
p=1
15 (18%) vs 17 (20%), 
p=0.7
1 (1.2%) vs 3 (3.5%), 
p=0.3
6 (7.1%) vs 3 (3.5%), 
p=0.3
1 (1.2%) vs 1 (1.2%), p=1
1 (1.2%) vs 0 (0%), p=0.5
10 (8-17) vs 10 (8-14), 
p=0.3
12% (CL 9-15%) vs 37% 
(CL 31-42%), p<0.0001
69% vs 77%, p=0.3
Authors comment results 
presented in a time-related 
manner to enable outcomes to be 
assessed over time to avoid 
underestimation of prevalence and 
rates.
Stapled anastomosis associated 
with improved freedom from 
cervical wound infections and 
anastomotic dilation compared to 
hand-sewn anastomosis. 
No difference in groups relating 
to anastomotic leakage, 
cardiorespiratory complications, 
vocal cord injury, length of 
hospital stay or survival.
No differences between groups 
relating to vascular, abdominal 
wound, infectious, post-operative 
bleeding or non-anastomotic GI 
leakage complications.
Limitations:
Stapled anastomosis partially 
hand-sewn, use of three different 
surgical approaches, and limited 
data on resection margins.
Fok et al [13] 
1991
British Journal 
of Surgery.
Hong Kong
Retrospective study 
comparing outcomes 
between hand-sewn (n=304) 
and stapled anastomosis 
(n=276) following 
oesophageal resection and 
bypass operations. 
Hand-sewn anastomosis  
(221 resections, 83 
bypasses) created using 
single continuous absorbable 
suture. Stapled anastomosis 
(262 resections, 14 
bypasses) performed using 
EEA and ILS circular 
staples.
Subsidary anastomoses 
(n=245) using small bowel 
and colonic substitutes when 
stomach unsuitable or 
unavailable for use as 
oesophageal substitute.  
Retrospective 
study 
(level 3) Anastomotic leakage: Site
Neck (%)
Chest (%)
Abdomen (%)
Total (%)
Anastomotic stricture: Site
Neck (%)
Chest (%)
Abdomen (%)
Total (%)
30-day mortality
Hospital mortality
Anastomotic recurrence 
(%)
Hand-sewn vs stapled
6 (5.4) vs 0 (0)
4 (5) vs 7 (3.2)
1 (3.3) vs 3 (10)
11 (5) vs 10 (3.8), p=0.69
11 (14) vs 3 (27)
6 (9) vs 54 (33.5)
1 (4) vs 0 (0)
18 (10.4) vs 57 (29.2), 
p<0.001
5% vs 5%, p=NS
14% vs 16.4%, p=NS
15 (6.8) vs 17 (6.5), 
p=NS 
Authors report increased 
incidence of anastomotic stricture 
formation in stapled group 
compared to hand-sewn group. 
No difference between groups 
relating to anastomotic leakage, 
anastomotic recurrence or hospital 
mortality. 
Endoscopy or gastrograffin 
swallow performed on 83% of 
patients at 10 days after operation.
All subsidiary anastomosis 
created using hand-sewn 
technique with use of colonic or 
small bowel substitutes. One 
patient with colocolic anastomosis 
had anastomotic leakage, which 
proved to be fatal.
Limitations: 
Patients not matched for disease 
stage, variable surgical 
approaches and use of colonic and 
jejunal substitutes, limited data on 
all other complications.
Mcmanus et al 
[14] 
1990
European 
Journal of 
Retrospective study 
comparing outcomes 
between hand-sewn (n=122) 
and stapled (n=99) 
anastomoses following 
oesophagectomy.
Retrospective 
study 
(level 3) Anastomotic leakages (%)
In-hospital mortality (%)
Hand-sewn vs Stapled
12 (17.2) vs 7 (7.1), 
p<0.05
47 (38.5) vs 14 (14.1), 
p<0.01
Authors comment increased risk 
of anastomotic leakage with hand-
sewn compared to stapled 
anastomoses. In patients requiring 
reinforcement stitches following 
stapling procedure, the incidence 
of anastomotic leakage was 
* - Studies included in meta-analysis by Marker et al [2] 
Cardio-thoracic 
Surgery
Ireland
Oesophageal resection 
performed via a left sided 
thoraco-abdominal incision 
(n=158) or transthoracic 
approach (n=59).  Most
operations completed for 
palliative care rather than 
cure.
During first three years, all 
anastomosis were hand-sewn 
with one layer of non-
absorbable and one layer of 
absorbable suture. Over the 
next six years, most 
anastomoses were created 
using the EEA or ILS 
stapling device. 
Survivors
Benign strictures (%)
Malignant strictures (%)
Factors affecting 
anastomotic breakdown:
Reinforced stapled 
Satisfactory stapled 
Hand sutured
Tumour at resection limit
Limits tumour free
75 (61.5) vs 85 (85.9)
2 (2.7) vs 13 (15.3), 
p<0.02
13 (17.3) vs 14 (16.5), 
p>0.05
Number   Leak(%) 
Significance
30       5 (16.7%)   p<0.01
6         2 (2.9%) 
122     21 (17.2%)     
71       11 (15.5%) p>0.05
147     17 (11.6%)       
comparable.
No difference between groups 
relating to malignant stricture 
formation but risk of benign 
strictures increased following 
stapling procedure. Involvement 
of tumour at limits of resection 
did not significantly impact risk 
of anastomotic leakage.
Consultants found to have 
significantly reduced incidence of 
anastomotic leakages from stapled 
anastomosis compared to training 
registrars. No difference detected 
in hand-sewn group.
Limitations: 
Retrospective study with limited 
data on other complications, 
patients not matched for disease 
stage and learning curve leading 
to improved results in stapled 
group.
Table 1(continued)
B. Kayani et al. / International Journal of Surgery 12 (2014) 7e15 13
REVIEW
B. Kayani et al. / International Journal of Surgery 12 (2014) 7e1514
REVIEWstricture formation at 12months compared to the HSA group (17/82
vs. 7/81; p ¼ 0.045). In this study patients were not matched for
disease stage and limited data is provided on other post-operative
complications and outcomes following treatment.
Laterza et al.9 conducted a prospective randomized study
comparing outcomes between HSA (n ¼ 21) and STA (n ¼ 20)
following oesophagectomy with left cervical gastroplasty. All oeso-
phageal resections were performed via the three-stage approach
with anastomosis tested on-table using contrast and reinforcement
sutures added as required. HSA were fashioned in two-layers using
interrupted absorbable sutures whilst STA were created using two
layers of staples with the EEA stapling device. Statistical tests were
not performed due to the small sample size and limited results. The
authors report HSA to be associated with increased mean operating
time (37min vs 25min), reduced anastomotic leakage (1/21 vs 4/20)
anddecreased stricture formation (3/18vs2/20) compared to STA. In
this study, patientswere notmatched for disease stage, therewas no
standardization in the formation of the STA, limited data was pre-
sented on other complications and long-term follow up, and sta-
tistical analysis to test differences in outcomes between the two
groups was not performed.
Worrell et al.10 conducted a retrospective study comparing
cervical HSA (n ¼ 18) and partially STA (n ¼ 63) following oeso-
phagectomy. All procedures were performed by a single surgeon
using three different approaches; en-bloc transthoracic, transhiatal,
and minimally invasive oesophagectomy. HSAwere performed in a
single layer using interrupted absorbable sutures. STA were con-
structed using a GIA stapler engaged into each lumen and the
enterotomy closed using an absorbable suture. There was no sig-
niﬁcant difference between the two groups with respect to risk of
anastomotic leakage or stricture formation. The patients were
divided chronologically into three groups and there was a trend
towards reduced incidence of anastomotic leakage with increasing
experience in HSA. This was a retrospective study in which rela-
tively few patients underwent HSA, patients were not matched for
disease stage and very limited data was presented on other post-
operative complications.
Kondra et al.11 conducted a retrospective study comparing
outcomes in HSA (n ¼ 89) and partially STA (n ¼ 79) following
oesophagectomy. Surgery was performed by one of three surgeons
using either a transhiatal (n ¼ 138) or three-stage (n ¼ 30)
approach. For both approaches, the gastric conduit was transposed
to the neck through the posterior mediastinum for reconstruction.
The HSA was constructed using a two-layered technique with
absorbable sutures whilst the partially STA was formed using an
endoscopic linear cutting stapler for the posterior wall and two-
layered absorbable sutures for the anterior wall. HSA were associ-
ated with signiﬁcantly increased risk of anastomotic leakage (12%
vs 27.0%, p¼ 0.021), time to initiation of oral feeds (median 9.5 days
vs 7 days, p < 0.001) and increased hospital stay (median 15 vs 10
days, p < 0.001) compared to STA. HSA was also associated
increased risk of stricture formation requiring anastomotic dilata-
tion (55.1% vs 31.3%, p¼ 0.001). This was a retrospective study with
limited data on other complications and multi-variate analysis
showed risk of anastomotic leakage was predicted by the operating
surgeon and not the anastomotic technique.
Ercan et al.12 conducted a retrospective study comparing out-
comes between cervical HSA (n ¼ 85) and modiﬁed STA (n ¼ 188)
following oesophagectomy. Using a propensity score based on age,
gender, race, surgeon, surgical approach, pathologic stage, histo-
logic cell type, and induction chemoradiotherapy, 85 patient pairs
were matched and followed up. HSAwere fashioned using a single-
layer of absorbable sutures via the thoracoabdominal (n ¼ 39),
transhiatal (n ¼ 43) and three-stage approaches (n ¼ 3). STA were
created using a linear cutting stapler for the posterior wall and twolayered closure with absorbable sutures for the anterior wall using
the thoracoabdominal (n¼ 42), transhiatal (n¼ 39) and three-stage
approaches (n ¼ 4). Freedom from wound infection was signiﬁ-
cantly greater in the STA group than HSA group (92% vs 71%,
p ¼ 0.001) and at two-years, STA was associated with higher
freedom from anastomotic dilatation (34% vs 10%, p< 0.001). There
was no difference between the groups relating to anastomotic
leakage, cardiac or respiratory complications, infection or overall
survival. This was a retrospective study with modiﬁcation to the
stapling technique and variations in surgical approach.
Fok et al.13 conducted a retrospective study comparing out-
comes between HSA (n ¼ 304) and STA (n ¼ 276) following oeso-
phageal resection or bypass operation for carcinoma of the
oesophagus and gastric cardia. HSA were fashioned with a single-
layer of continuous absorbable sutures (221 resections, 83 by-
passes) whilst STA (262 resections, 14 bypasses) were created using
EEA and ILS circular staples. Patients were designated to undergo
HSA or STA based on the site of anastomosis, size of the oesopha-
geal lumen and local tissue factors. Hand-sewn sutures were
preferred for cervical anastomoses, small sized oesophagus and
when the oesophageal wall was oedematous or hypertrophic.
Excluding anastomotic leakages, hospital mortality and anasto-
motic recurrence, STA was associated with signiﬁcantly increased
risk of stricture formation compared to HSA (29.2% vs 10.5%
respectively, p < 0.001). Anastomotic leakage rates were compa-
rable between the two groups. In this study, patients were not
randomized or matched for disease stage, anastomoses were
created at different sites, data was pooled for oesophageal re-
sections and bypass procedures, limited data is presented on other
post-operative complications and some patients had colonic and
small bowel substitutes for anastomotic reconstruction.
Mcmanus et al.14 conducted a retrospective study comparing
stricture formation and anastomotic leakage in 221 patients un-
dergoing oesophagectomy with HSA (n ¼ 122) and STA (n ¼ 99).
Oesophageal resection was performed via left thoraco-abdominal
(n ¼ 159) and transthoracic approaches (n ¼ 59). In the ﬁrst three
years of this study, all anastomoses were hand-sewn using a layer
of non-absorbable and a layer of absorbable sutures. During the
remaining six years of this study, most anastomoses were created
using the EES or ILS circular stapling device and over-sewing with
an absorbable suture. In this study there was signiﬁcantly increased
risk of anastomotic leakage with HSA compared to STA (17.2% vs
7.1% respectively, p < 0.05). The incidence of malignant strictures
between the two groups was similar but benign stricture formation
was more common in the STA group compared to the HSA group
(13% vs 1.6%, p < 0.01). This was a retrospective study with surgical
procedures performed by surgeons at different training levels,
limited data on post-operative complications and most STA per-
formed after HSA which mat have impacted the overall learning
curve.
6. Clinical bottom line
Existing evidence shows that STA is associated with reduced
time to anastomotic construction and decreased intra-operative
blood loss but increased risk of benign stricture formation
compared to HSA. There is no difference between HSA and STAwith
respect to cardiac or respiratory complications, anastomotic
leakage, duration of hospital admission or 30-daymortality. In HSA,
increasing surgical experience and intra-operative air leakage
testing after anastomotic creation are associated with reduced risk
of anastomotic leakage.
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